This study investigated the effect of local anaesthetic temperature on block of the first sacral segment. Twenty-four patients undergoing lumbar epidural anaesthesia at L2-3 or L3-4 were randomly divided in double-blind fashion into two groups to receive 22 ml of lignocaine 2% with adrenaline 1:200,000, sodium bicarbonate and fentanyl, at either 21°C (cold group) or 37°C (warm group). The sensory block was assessed by loss of sensation to pinprick and the pain threshold after repeated electrical stimulation at L2, S1 and S3 dermatomes. Motor block was evaluated using the modified Bromage scale. Patient characteristics were comparable between the groups. Onset of block at the first sacral segment (S1) was faster in the warm group than in the cold (10 vs 17.5 minutes, P <0.001). The pain threshold at S1 was significantly higher in the warm group. We concluded that epidural lignocaine 2% with adrenaline 1:200,000, sodium bicarbonate and fentanyl injected at 37°C hastens S1 block within 10 minutes of administration.
Block of the first sacral segment (S1) after epidural injection is often delayed or incomplete, and this has been ascribed to the relatively large size of this nerve root 1 . To overcome this problem, the addition of sodium bicarbonate and adrenaline to lignocaine 2% is reported to accelerate both the onset and depth of the S1 segment block of lumbar epidural anaesthesia 2 . However, in that study, the mean time to achieve S1 segment block was 21 minutes, which represents a slow onset time. Warming the lignocaine to 38°C before injection results in a faster onset 3 but the effect of warming on S1 segment block has not been investigated. Our hypothesis was that warming the lignocaine would induce faster onset and enhance the depth of the block at the S1 segment.
MATERIALS AND METHODS
The study was approved by the institutional review board and written informed consent was obtained from all patients. We studied 24 patients of American Society of Anesthesiologists physical status I to II, aged 19 to 55 years and scheduled for elective lower extremity surgery under epidural anaesthesia. Exclusion criteria included patient refusal, coagulopathy, renal, hepatic, respiratory, cardiac, neurologic, neuromuscular or psychiatric disease and pregnancy.
The patients were randomly divided into two groups in a double-blind fashion, with allocation using sealed envelopes. All patients received 18 ml of lignocaine 2% with adrenaline 1:200,000, 2 ml of sodium bicarbonate 8.4% and 2 ml (100 μg) of fentanyl. The solution was prepared immediately prior to injection in both groups. Patients in the warm group received a solution that had been equilibrated in a stove to 37°C and that was, with warmed syringes, retrieved immediately prior to injection and drawn into the syringe within 20 seconds. Patients in the cold group received a solution that had been maintained at the temperature of the operating room (20 to 22°C).
After mixing, 2 ml of the solution was taken for pH measurement using a pH meter (Expandable ionanalyzer™, Orion, USA).
No patient had premedication. Routine monitoring included non-invasive blood pressure, electrocardiogram and pulse oximetry. With the patient in the lateral decubitus position, the epidural space was identified at L2-3 or L3-4. An 18-gauge Tuohy needle (B. Braun, Melsungen, Germany) was inserted by the first author with its bevel facing caudally. Using loss-of-resistance to air, the epidural space was identified and a catheter inserted 3 cm. After negative aspiration for blood and cerebrospinal fluid, 3 ml of the lignocaine mixture was given as a test dose. If, after two minutes, there was no evidence of intravascular or subarachnoid injection, an additional 19 ml was injected over a 1.5 minute period. The time at which the injection ended was denoted 'time 0' for the purpose of the subsequent patient assessment. All patients received an infusion of 10 ml/kg of lactated Ringer's solution over one hour. Intraoperative haemodynamics were recorded every two minutes until 20 minutes after epidural anaesthesia. Ephedrine 5 mg was used to treat hypotension, defined as a decrease of mean arterial blood pressure of 30% below baseline value. Atropine 0.5 mg was administered if the heart rate decreased to less than 50 beats/minute (bradycardia). Arterial blood pressure, heart rate and the incidence of hypotension and shivering were measured.
The evaluation of the pain threshold was performed with a nerve stimulator as described by Arakawa et al 2 . We used four stimuli at 2 Hz (i.e. train-of-four) with Model ST5 MaxiStim™ (Life-Tech Inc, Texas, USA). Bipolar surface Ag-AgCl electrodes were placed at the dermatomes L2, S1 and S3 on the operative side, using L2 and S3 as the indices of the cephalad and the caudad spread respectively. To determine the threshold for temporal summation, the single stimulus was repeated four times at 2 Hz and the current intensity was increased in steps of 1 to 5 mA from 5 mA until pain was evoked (perception of the last stimulus being painful) or a maximum current of 60 mA had been delivered, in which case the threshold was defined as 60 mA. The onset of sensory block was defined as the time from 'time 0' to the time that pain threshold reached 60 mA (TES 60 mA). The test was repeated at the L2, S1 and S3 dermatomes at 2, 4, 6, 8, 10, 15 and 20 minutes following time zero.
The sensory block was assessed by response to pinprick at the L2, S1 and S3 dermatomes at 2 cm from the site of electrical stimulation. The pinprick test was performed by pricking the skin twice, at an interval of approximately 0.3 seconds, with a 26-gauge needle. The test was repeated at the L2, S1 and S3 dermatomes at 2, 4, 6, 8, 10, 15 and 20 minutes after time 0. The distribution of block was assessed in the anterior mid-sagittal line at 20 minutes using loss of pinprick sensation, as described above.
Motor block was assessed using the modified Bromage scale (0=full flexion of feet and knees, 1=just able to move knees, 2=able to move feet only and 3=unable to move feet or knees) at 2, 4, 6, 8, 10, 15 and 20 minutes after time zero.
Because of the non-Gaussian distribution of data, non-parametric methods were used. All data are reported as median, interquartile range and range. The Mann-Whitney U test was applied to compare patient characteristics, nonparametric analysis of covariance was used to examine differences in the haemodynamic data between two groups and Wilcoxon's signed rank test was used to examine differences in the haemodynamic data within the groups. The Mann-Whitney U test and Wilcoxon signed-rank test were used to compare the onset of sensory block. A Bonferroni's correction was performed to adjust for multiple comparisons if significant results were obtained. A P value <0.05 was considered statistically significant. The software used was SAS, version 9.1 and SPSS, version 17.0.
The sample size was calculated using data from a previous study 4 , with the primary endpoint defined as a 30% difference in the time until the pain threshold reached 60 mA between the groups. A sample size of 12 patients per group was needed to demonstrate a 30% reduction in onset time (α=0.05 and ß=0.20).
RESULTS
Twenty-four patients were enrolled in the study. There were no significant differences between the two groups in height, weight, age, gender, insertion level, pH of the anaesthetic solution, shivering rate, fluid administration or motor block after 20 minutes (Table 1 ). There were no significant differences in mean arterial pressure and heart rate between two groups ( Table 2 ). The mean arterial pressure decreased significantly and the heart rate increased significantly within both groups after 20 minutes ( Table 2) .
The onset of sensory block with repeated electrical stimulation at the S1 segment in the warm group was significantly faster than that in the cold group (10 vs 17.5 minutes, P <0.001) (Table 3, Figure 1 ). No differences between groups were found in the onset of sensory block at the L2 and S3 segments ( Table 3) . No significant differences between the groups were observed in the pain threshold at the L2 and S3 segments. By contrast, the pain threshold at the S1 segment in the warm group was significantly higher than that in the cold group (Figure 2) .
DISCUSSION
We demonstrated that warming lignocaine with adrenaline, sodium bicarbonate and fentanyl significantly shortened the onset of S1 block and increased the pain threshold at the S1 segment. The major reason for the shorter time taken to achieve S1 block in the warm group is thought to be the pharmacokinetic change in local anaesthetic when warmed. It is the lipophilic, uncharged form of the drug, which depends on its pKa 3 , that determines penetration of nerve sheaths. Sanchez et al 5 reported that raising the temperature from 25 to 36°C produced a significant decrease in pKa and increased the partition coefficient of the neutral form by about 20%. In a previous report 3 , warming local anaesthetic reduced the onset time of epidural block for elective caesarean section.
Clinically, the L5 and S1 segments at epidural anaesthesia are often called 'missed segments' because of delayed or incomplete block. Failure to block the S1 segment during epidural anaesthesia with lignocaine 1.5 or 2% was described in up to 46% of patients from 14 to 40 years of age 1 . This was ascribed to poor penetration of the S1 root, which is of large diameter, rather than an inability to spread caudally. Arakawa et al 2 pointed out that the combination of lignocaine, bicarbonate and adrenaline increases the likelihood of penetration, resulting in more rapid onset. We performed epidural anaesthesia with additives such as adrenaline, bicarbonate and fentanyl, which are known to potentiate block [6] [7] [8] , to evaluate the effect of warming after maximising other relevant factors. Raising the pH of local anaesthetic with sodium bicarbonate increases the concentration of non-ionised free base, which increases the diffusion rate and speed of onset of the block 6 . Epidural adrenaline also impedes the vascular uptake of local anaesthetic, which increases its epidural concentration and epidural adrenaline may provide segmental hypoalgesia 7 . On the other hand, the effect of fentanyl added to local anaesthetic solution is not clear. Comparing our S1 onset (17.5 minutes) in the cold group to that of Arakawa et al 4 shows no significant difference. Eichenberger et al 8 found that epidural fentanyl increased temporal summation threshold but had no effect at S1, so the influence of fentanyl needs further investigation.
For the best quality of block during surgery, the anaesthetic should provide fast, predictable and reliable spread. A combination of lignocaine, sodium bicarbonate and adrenaline is used for its rapid onset 2,6 but we found that a trend towards a lower median time to achieve TES 60 was offset by a greater range of onset times (Figure 1 ). The warming of the injectate resulted in fast, predictable and reliable onset times (median 10, interquartile range 8 to 10, range 6 to 10 minutes).
We used repeated electrical stimulation to evaluate sensory block and defined onset of sensory block as time for the pain threshold to reach 60 mA. This test was chosen because it enables a reproducible quantification of epidural block and induces temporal summation 9, 10 . In contrast, evaluation by pinprick or cold testing may not necessarily predict pain-free skin incision 11 . Despite the presence of a sensory block of L4-S1 segments tested by pinprick, in one study 13 of 45 patients complained of pain and a burning sensation during epidural anaesthesia for foot or ankle surgery 12 . It appears that repeated electrical stimulation may be a stronger stimulus than pinprick because of induced temporal summation 10 . It was reported that absence of pinprick sensation corresponded to a pain threshold of 30 to 50 mA and the onset of sensory block was defined as pain threshold of 40 mA or 60 mA by Arakawa et al 2, 4 and of 60 mA by Curatolo et al 6 . The threshold intensity of electrical stimulation that correlates with surgical anaesthetic block is unknown.
In conclusion, warming lignocaine is a simple and effective way of reducing the onset time and increasing the pain threshold at the S1 segment during epidural block. This result suggests that it should be possible to rapidly achieve reliable epidural anaesthesia for lower extremity surgery.
